This paper uses a simulated public pension system to examine the sensitivity of actuarial input changes on funding ratios and contribution requirements. We examine instantaneous and lagged effects, marginal and interactive effects, and effects under different funding conditions and demographic profiles. The findings emphasize the difficulty of conducting cross-sectional analyses of public pension systems and point to several important considerations for future research.
Introduction
The financial condition of public pensions has drawn significant scrutiny in recent years.
Much of that attention focuses on the effect of actuarial assumptions and methods on the accuracy of pension liabilities and the adequacy of sponsor funding practices. For example, there is an active debate on whether public pensions should continue to use discount rates that reflect historical investment returns (NASRA 2015) or select actuarial discount rates that reflect the certainty of future benefit payments (Biggs 2012; Novy-Marx and Rauh 2011) . In 2013, Moody's Investor Services adopted its own actuarial procedures to evaluate the financial condition of public sector pension systems, rather than rely on valuations reported under generally accepted accounting principles (Moody's 2013). And, the Governmental Accounting Standards Board recently revised pension accounting standards (GASB 67 and 68) to significantly change the way actuarial inputs affect financial reporting (GASB 2012) .
Despite the clear professional and policy relevance of actuarial assumptions and methods in evaluating the financial condition of public pensions, to date, research into the effect of actuarial inputs on public pensions is limited. In this paper, the term "actuarial inputs" refers to the set of assumptions and methods used by actuaries to value pension liabilities and contribution requirements.
One significant limitation of the extant literature is that it often entirely overlooks actuarial inputs. The clearest examples are the many studies that model the financial condition of public pensions without including any controls for actuarial inputs (Coggburn and Kearney 2010; Kelly 2014; Marks, Raman and Wilson 1988; Schneider and Damanpour 2002; St. Clair 2013; Thom 2013) . Another way that the literature overlooks actuarial inputs is by failing to include several influential assumptions and methods in their models. For example, we were able to identify only one study that controls for the different actuarial cost methods (Giertz and Papke 2007) and another that controls for mortality rate assumptions (Munnell, Aubry and Cafarelli 2015) . These omissions are surprising because actuarial inputs are known to have mathematically deterministic and potentially salient effects on pension liabilities and contribution requirements (Peng 2008) .
A second limitation in the literature is the inconsistency in the parameter estimates for those actuarial inputs that have received more attention (i.e., discount rate and salary growth rate assumptions). Several studies fail to find relationships between the financial conditions of public pensions and their discount rates (Dulebohn 1995; Mitchell and Hsin 1994; Rich and Zhang 2014 ) and salary growth rates (Dulebohn 1995; Mitchell and Hsin 1994; Hsin and Mitchell 1994; Eaton and Nofsinger 2004) . One study estimates the effect of discount rates to be significantly larger than the effect of salary growth rate assumptions (Eaton and Nofsinger 2004) , while another shows that discount rates and salary growth rates have similar effects (Mitchell and Smith 1994) . These inconsistencies further confuse our understanding of the effects of actuarial inputs.
A third limitation of the existing research is that it assumes a constant, simultaneous relationship between discount rates and the financial condition of public pensions. All of the studies that regress the financial condition of public pensions on discount rates specify a linear relationship (Mitchell and Smith 1994; Hsin and Mitchell 1994; Rich and Zhang 2014; Triest and Zhao 2013) . Other researchers assume a linear relationship in the way that they attempt to standardize financial conditions across multiple pension systems using different discount rates and salary growth rates. For example, Chaney, Copely, and Stone (2002) created a standardized measure of pension benefit obligations by assuming that every 25 basis point change in discount rates will change pension benefit obligations by 4 percent. Eaton and Nofsinger (2004) create a standardized measure of annual required contributions (ARCs) by estimating the predicted ARC for each of the pension systems in their sample as the linear function of their discount rates, salary growth rates, and amortization periods. Because the extant research has only attempted to estimate a linear relationship between the financial condition of public pensions and their actuarial inputs, we know little about potential non-linear or interactive effects from actuarial inputs.
Given these limitations in our understanding about the relationship between actuarial inputs and the valuation of public pensions' financial conditions, we seek to make three contributions. First, we use a simulated pension system to measure the marginal effects of changes in four actuarial inputs: actuarial cost methods, discount rate assumptions, salary growth rate assumptions, and mortality rate assumptions. Specifically, we test whether the marginal effects of discount rate changes are similar to the marginal effects of changes to other actuarial inputs.
Second, we examine both the instantaneous and lagged effects of marginal changes to discount rate assumptions. We do this by examining the lagged effect of a 1-percentage-point increase and decrease to the discount rate assumption while holding investment performance constant, and then identifying how long it takes a simulated pension system's funding ratio and contribution rate to return to their original levels.
Third, we test the effect of changes to pension systems under a variety of conditions to test for non-linear effects, such as (1) interactive effects with other actuarial inputs; (2) effects under different funding conditions; and (3) effects under different demographic profiles. We then use the analysis to examine the likelihood of standardizing the financial condition data that is reported by actual public pension systems.
To accomplish these aims, we simulate pension plans with different demographic profiles and asset levels, and then calculate changes in liability valuations and contribution requirements under different values of four actuarial inputs (discount rates, salary growth rates, actuarial cost methods, and mortality tables). This paper proceeds in the following order. In the first section, we discuss the actuarial process. Then, we describe the relationship between actuarial inputs and pension management.
After which, we discuss each of the four actuarial inputs examined in this study. Then, we describe the simulation and present its results. We conclude with a discussion of key findings, study limitations, and suggestions for further research.
The Actuarial Process
Pension actuarial science is the process of evaluating assets and liabilities in a pension plan (Ezra 1980) . Pension liabilities are valuations of the retirement payments that pension plans expect to make to qualified pension plan participants and their beneficiaries. From a plan sponsor's perspective, the actuarial process helps (1) calculate the present value of their future retirement payments and (2) develop a savings strategy to help them smooth the budgetary costs of the pension benefits over the time period when their employees are working and earning their pension benefits.
The actuarial process is riddled with uncertainty (Ezra 1980) . Sponsors respond to that uncertainty by making key assumptions about the size of their future pension obligations, the likelihood that benefits will need to be paid, and the portion of their future obligations that should be currently funded in order to have all of the necessary assets set aside to pay for the benefits by the time their employees retire. As workers near retirement, the future becomes more certain and assumptions are less critical. Once benefit levels are certain (or even as they near certainty), it is generally too late to quickly recover from a significant deficit in pension funds.
Plan sponsors who set assumptions that turn out to be too optimistic will not have saved enough to pay their retirees' benefits from the savings in their pension funds. In order to make up the shortfalls, sponsors need to increase their annual contributions and/or consume pension fund assets that were intended for future retirement payments.
In the effort to avoid a funding shortfall, actuaries utilize two sets of assumptions to calculate pension liabilities and contribution requirements (American Academy of Actuaries 2004). Demographic assumptions are used to predict employee turnover and the number of workers who will ultimately qualify for pension benefits. Demographic assumptions include mortality rates, turnover rates, disability rates, and termination rates. Economic assumptions are used to forecast growth in the future value of pension benefits and to calculate the present value of those future payments. Economic assumptions include inflation rates, discount rates, and salary growth rates.
Actuaries use those assumptions to calculate pension liabilities and contribution requirements. Pension liabilities represent the present value of future benefit payments that have already been earned by employees. The pension liability for a plan with multiple participants is calculated as the sum of the individual liabilities for each qualified plan participant.
Contribution requirements represent the actuarially determined amount of money that needs to be deposited each year into a pension fund and held in trust for future benefit payments.
Liabilities and contribution requirements are highly related. One portion of contribution requirements is the amount of money needed to cover the benefits that are earned in the current year (the normal cost (NC)). Pension liabilities, or the actuarially accrued liability (AAL), are the accumulation of normal costs for all the completed years of employees' service.
When a pension fund does not hold sufficient assets to cover its AAL, the plan recognizes an unfunded actuarial accrued liability (UAAL). Plans with UAALs are not expected to make up the shortfalls in a single year. Rather, they are allowed to finance the unfunded liability over a period of time (an amortization period). The amortized UAAL is the second portion of a sponsor's contribution requirement.
The combination of the normal cost and the amortized UAAL is usually referred to as the annual required contribution or ARC. It is often expressed as a percent of a pension system's covered payroll. New accounting standards refer to this calculation as the actuarially determined contribution (GASB 2012), though we retain the common ARC terminology in this paper.
The actuarial process assumes that conditions will change and assumptions will need to be revised. Actuaries, therefore, conduct periodic reviews of plan conditions, usually no less frequently than every five years, and test whether the actuarial assumptions are consistent with actual experience (GFOA 2009; Peng 2008) . Actuaries regularly suggest changes to actuarial inputs based on (1) changes in professional standards (e.g., revised mortality tables), (2) changes in governmental accounting standards, and (3) whether actual conditions deviate from actuarial assumptions. Actuaries may suggest revisions, but boards of trustees and sponsoring governments' governing bodies are responsible to review those suggestions and determine whether to revise actuarial inputs.
Academic studies suggest that decision makers use the discretion allowed by accounting standards to adopt actuarial inputs that postpone pension costs in order to spend more on current government services (Johnson 1997; Marks, Raman and Wilson 1988) . The incentive to adopt favorable actuarial inputs is thought to be particularly strong in governments under budgetary stress (Chaney, Copley, and Stone 2002; Giertz and Papke 2007; Mitchell and Hsin 1997; Schneider and Damanpour 2002) . Others suggest that the selection of actuarial inputs is affected by political pressure (Romano 1993) . For example, Levine, Rubin and Wolohojian (1981) found that when the City of Oakland was under fiscal stress in the 1970s, their pension system increased its amortization period from 14 years to 40 years. Also, Eaton and Nofsinger (2004) found that governments under political pressure and fiscal constraints decreased their salary growth rate assumptions, increased their amortization periods, and increased their discount rates. Chaney, Copley and Stone (2002) found that states with balanced budget requirements increased their discount rates when facing fiscal stress.
In addition, anecdotal evidence supports claims that actuarial assumptions are sometimes manipulated in order to improve short-term fiscal and political conditions. In response to a fiscal crisis in the early 1990s, the State of New York changed their method of allocating the costs of pension obligations (Bentley 2009 ). New York's public employees challenged that decision and the court ruled against the state, deciding that the change was not intended "to protect the retirement funds earned by members and beneficiaries of the system but to deal with the budget crises being experienced by governmental entities in New York State" (McDermott v. Regan 1993, 359) . In 2009, the City of Philadelphia announced a plan to reduce its ARC by $170 million by increasing its amortization period from 20 to 40 years (Lucey 2009 ). And, in 2013, a member of the Montana Board of Investments cited significant gubernatorial pressure as a reason why the Board reversed its decision to reduce the Montana Public Employees Retirement Systems' discount rate (Johnson 2013) .
Actual Variation in Pension Assumptions
While there are strong modal norms in the selection of actuarial inputs by public pension systems, there is still a fair amount of variation around those norms. In this paper we focus on four actuarial inputs: discount rates, salary growth rates, cost methods, and mortality tables. In this section, we describe each of those actuarial inputs and summarize their variation in state and large locally-administered pension systems. We identify the distribution of actuarial inputs in 
Discount rates
1 are used to calculate the present value of future benefits. Larger discount rates lead to lower liabilities, higher funding ratios (i.e., the ratio of asset holdings to liabilities), and lower contribution requirements. As reported in Table 1 , the median discount rate is 8 percent and the range of typical discount rates is between 6 and 8.75 percent.
Salary growth rates are used to predict the geometric growth in employee salaries.
Higher salary growth rates increase the predicted value of final average salaries. This is expected to lead to higher pension liabilities, lower funding ratios, and higher contribution requirements. Table 1 shows that the typical range in salary growth rate assumptions is 3 to 8 percent and the median assumption is 6 percent.
Actuarial cost methods are used to determine the normal cost for each year of employee service. Cost methods can allocate the benefits over employees' service periods, such as with Projected Unit Credit (PUC), or allocate the costs over service periods, such as with Entry Age Normal (EAN) and Aggregate Cost (AGG) (Peng 2008 ). This distinction is technical, but the effect is that cost-prorated methods (such as EAN) tend to have larger normal costs in early years of employee service, while benefit-prorated methods (such as PUC) tend to produce progressively increasing normal costs. As shown in Table 2 , 72 percent of plans use EAN, 13 percent use PUC, eight percent use AGG, and seven percent use other methods (such as Frozen Initial Liability). Tables 1 or 2 because they are not reported in the PPD) are used to project the likelihood that employees will remain in the plan long enough to receive their full benefits and to evaluate life expectancy after retirement. With an aging population and the retirement of baby boomers, there are concerns that some public pension systems calculate their liabilities based on outdated mortality tables (Munnell, Aubry and Cafarelli 2015) . Because life expectancies continue to increase, the most recent mortality tables tend to increase the expectation that employees will survive long enough to receive their retirement benefits and then receive more benefit payments after retirement. Munnell, Aubry and Cafarelli (2015) have examined the effect of mortality assumptions on the funded ratios of public plans. They found that updating the mortality tables would reduce aggregated funded ratios by six percent.
Mortality tables (not shown in

Simulation Model
In order to identify the marginal effects of changes to actuarial inputs on funding ratios and contribution requirements, we simulated a typical public pension system. Simulations have been used in prior research on pension management. For example, Kingsland and Gruber (1982) used a simulation model to examine the impacts of investment policies on the financial condition of pension systems. Fehr, Kallweit and Kindermann (2012) simulated the macroeconomic, welfare and efficiency consequences of increasing the normal retirement age in the German national pension system. To our knowledge, however, no similar work has been done to systematically examine the effects of changes in various actuarial inputs. This study fills that gap.
Since actuarial inputs have deterministic effects on pension liabilities and contribution requirements, it is possible to simulate those relationships under hypothetical conditions with a reasonable level of external validity. Also, by isolating the deterministic effects in a controlled environment, there is no need for statistical analysis to determine whether or not differences are the result of random error (i.e., internal validity).
We use the median conditions of actual pension systems in the Public Plans Database (PPD) in our baseline simulation. We call this baseline simulation the "median plan." The conditions for the "median plan" are listed in the note section of We conducted two tests of the simulation's external validity. In the first test, we compared the median plan's simulated normal cost and AAL with the median and mean values of the normal costs and AALs observed in the actual plans within the PPD (see Table 3 ). In the second test, we simulated the normal costs and AALs for each plan in the PPD, using their reported actuarial inputs, and compared our simulated results with the observed normal costs and AALs reported in the PPD (see Figure 1) .
The results of our external validity tests show that the simulation calculates normal costs and AALs that closely match actual observations with some minor deviations. Figure 1 shows that the variances center around zero and that 75.6 percent of the simulated normal costs are within +/-five percent of payroll from the observed data, while 71.6 percent of the simulated AALs are within two times of payroll from the observed data. As shown in Table 3 and Figure   1 , both the simulated normal costs and AALs are slightly under-estimated. This is expected since the simulation only considers core pension benefits (e.g., no retirement incentives, disability benefits, COLA benefits, or surviving spouse benefits) and does not consider that senior employees may be in a more generous tier of retirement benefits than the conditions reported in the PPD. The results of this comparison provide reasonable confidence that our simulation is externally valid for a typical plan, but suggest caution before applying the baseline simulation to individual plans.
To expand on the median plan, we created a "young" plan and a "mature" plan. The age distribution of the young plan is skewed to the right (skewness is approximately .7) and the age distribution of the mature plan is skewed to the left (skewness is approximately -.7). We then calculated the effects of marginal changes in actuarial inputs on the funding ratios and ARCs of the young and mature plans. The young and mature plans allow us to examine the effect of demographic profiles on the marginal effects of actuarial inputs.
The last step was to simulate the effect of a plan's funding condition (i.e., funding ratio)
on the marginal effects of actuarial inputs. This was done by creating another plan that is identical to the median plan but has a 70 percent funding ratio, and another plan that has a 100 percent funding ratio. We then calculate the effects of marginal changes in actuarial inputs on the funding ratios and ARCs at both of those funding levels. We now turn to the results of the simulations.
Results
In this section, we discuss the marginal effects of changes to discount rates, salary growth rate assumptions, cost methods, and mortality tables.
The results of marginal changes on funding ratios are shown in Table 4 and the results on ARCs are presented in Table 5 . The tables show the marginal effects on the median plan in column 1. They present the effects on a plan with a younger demographic in column 2 and a mature demographic in column 3. The only difference between columns 1, 2, and 3 is the age demographic of their participants; assets in each of those columns are fixed to the same level, so that the funding level is set to the median condition of 85.4 percent. Column 4 provides information on the median plan when its asset level is fixed to 70 percent of its liability, and column 5 fixes the assets to 100 percent of its liability. The rest of this section provides analysis on each of the actuarial inputs.
What Are the Marginal and Lagged Effects of Changing the Discount Rate?
We changed the discount rate by .25 percentage-point increments to measure its effect on funding ratios (Table 4 , panel A) and ARCs (Table 5 , panel A). As expected, we find that funding ratios and ARCs are both highly sensitive to changes in the discount rate. However, the marginal effect is smaller than the "4% rule of thumb'" used by Chaney, Copley, and Stone (2002) . 3 In the median plan (column 1), a one-percentage point increase in the discount rate increases the funding ratio by an average of 9.75 percentage points, and reduces the ARC by an average of 8.15 percentage points. This shows the significant incentive for plan sponsors to select and keep a high discount rate. It also illustrates why plan sponsors often push back on efforts to adopt riskless rates of return (closer to 5 or 6 percent) in order to preserve budgetary resources.
We also found that the influence of the discount rate is affected by a plan's demographic profile and asset level, as shown in columns 2-5.
The discount rate has a larger effect on a younger plan than a more mature one. 4 The heightened effect of younger plans is because the plan's active employees are further away from their retirement age and the effects of discounting are increased by longer time period. Because younger plans are more sensitive to discount rate changes, there is a clear incentive for younger plans to select and retain higher discount rates.
The effect of changing the discount rate is also larger in a plan that is well funded than in one that is less well funded. A well-funded plan is more sensitive to discount rate changes because changing the discount rate affects the plan's liability, and the liability is in the denominator of the funding ratio calculation. Ratio calculations are more sensitive to denominator changes when their numerators are larger. 5 The amplified effect of the discount rate when the funding ratio is higher is also found in the ARC. This finding suggests that well-funded plans actually have more to lose by reducing their discount rates and stronger incentives to increase their discount rates.
More importantly, changing the discount rate also has significant long-term effects on both funding ratios and ARCs. To illustrate, we examine the long-term effects of a pension system that changes its discount rate but does not experience different investment returns.
We start with the baseline condition in year 1. The discount rate is set to 8 percent and the assets are set to 85.4 percent of the liability. Under those conditions, the ARC is 17.35
percent. Then we recalculated the funding ratio and ARC by both increasing the discount rate to 9 percent and decreasing it to 7 percent, without changing the asset values.
While holding annual returns constant at an 8 percent average annual return with a standard deviation of 7.80 percent, we simulate how the funding ratios and ARCs of the three discount rate conditions change over time. To simulate the investment returns, we follow Stalebrink, Kriz and Guo's (2010) approach and simulate an investment portfolio 6 for the median plan over 10,000 runs.
Figures 2 and 3 show the simulated funding ratios and ARCs over a 20-year period for all three of the discount rate conditions. In the first year, when the discount rate is lowered to 7 percent, the funding ratio drops to 75.55 percent and the ARC increases to 25.39 percent of payroll (as also shown in Tables 4 and 5 ). In the long run, however, the funding ratio gradually increases to over 100 percent and its ARC decreases to around 10 percent at the end of the 20 th year. In contrast, when the discount rate is raised to 9 percent, the funding ratio immediately rises to 96.09 percent and the ARC is lower than 10 percent in the first year, but the funding ratio decreases to lower than 85 percent and the ARC eventually increases to more than 15 percent by the 20 th year. Figures 2 and 3 show that using a higher discount rate reduces liabilities and costs in the short-term but postpones the costs to the future. Figure 2 also shows that, if the median plan lowers its discount rate by one percent but investment returns and funding policies do not change, it may take about seven years before the funding ratio returns to its previous level of 85.4 percent and its ARC may take about 15 years to return to its original level.
What Is the Marginal Effect of Changing the Salary Growth Rate and How Does It Interact with Different Cost Methods?
Panel B of Tables 4 and 5 illustrates the effect of changing the salary growth rate assumption. Prior studies have produced inconsistent estimates of the relationship between financial condition and salary growth rate. We find that the salary growth rate has a larger influence on the ARC than on the funding ratio. Under median conditions, a one-percentage point increase in the salary growth rate reduces the average funding ratio by 2.13 percentage points and increases the ARC by 4.77 percentage points. Mitchell and Smith (1994) found that discount rates and salary growth rates have similar effects on required contributions when they used the dollar amount of the required contributions as the dependent variable. In our model, we compare the ARCs with payrolls and find that discount rates have a greater effect than the salary growth rates. We also find that this effect depends on the cost method and plans' demographic profiles, and so we examined this interactive relationship more closely. Figure 4 illustrates the interactive effect of changes to salary growth rates under different cost methods and demographic profiles. Increasing the salary growth rate assumption, regardless of cost methods, leads to lower funding ratios and higher contribution requirements, though the magnitude of those changes is affected by both the system's demographic profile and the cost method. This may be one explanation for inconsistent findings in prior studies. For example, the graphs on the top row of Figure 4 show that funding ratios are more sensitive to changes in the salary growth rate under the PUC cost method than under the EAN cost method. When the salary growth rate increases from 4.5 percent to 7 percent, the funding ratio for the young plan reduces by less than 5 percent when using the EAN method but reduces by more than 10 percent under the PUC method.
Another interactive effect of demographic conditions is that both the funding ratios and ARCs for the mature plan change at a steeper rate than for the young plan. This is because there is less time to discount the effect of the assumed salary increase and because of the larger unfunded liability that is created by allocating the new normal cost over the entire career of employees who are near retirement. This means that plans with a large number of participants that are nearing retirement have a stronger incentive to lower their salary growth rate assumptions. To illustrate, if a plan with a mature demographic reduces its salary growth rate assumption from 6.50 percent to 5.75 percent, it decreases its ARC from 23.33 percent to 18.24 percent, as shown in the third column in Table 5 . With a median payroll ($2.4 billion), that amounts to a budgetary savings of $122.16 million.
What Is the Marginal Effect of Changing the Actuarial Cost Method?
PUC and EAN are the most commonly used actuarial cost methods. In the prior literature, only one study (Giertz and Papke 2007 ) controls for the use of different cost methods when comparing funding ratios. In our simulation, we find that the choice of cost methods has a relatively small marginal effect on pension costs under median conditions, especially in comparison to the much larger effects from discount rates and salary growth rates. As shown in Panel C of Tables 4 and 5 , the median plan's funding ratio decreases by 6.71 percentage points when it changes from the PUC to EAN method and its ARC increases by 0.93 percentage points.
The new GASB standards require that plans report their funding ratios using the EAN method. For most plans currently using PUC, this will likely have a small, but nontrivial, negative effect on their funding ratios (reducing them by about 4.5 to 6.5 percent). The effect on the contribution rate is more interesting. Plans with a younger demographic will likely experience a slight increase in their ARCs (about 1.92 percent), and plans with mature demographics will have a lower ARC (about 1.20 percent). This is because EAN accumulates an employee's normal costs faster in the early years of service, while PUC accumulates normal costs faster in later years. PUC accelerates the accumulation of AAL in the last 20 years before retirement. Both methods reach the same AAL at retirement. The margin effect of changing between EAN and PUC is not large and, therefore, it is unlikely that plans switch their cost method to manipulate their contribution rates. However, as demonstrated in Figure 4 , a more important effect of changing actuarial cost methods is the result of the interactive effect of cost methods with salary growth rate assumptions.
What Is the Marginal Effect of Changing the Mortality Rate Assumption?
One prior study found that updating pension systems to the most recent mortality table (called RP-2014) would reduce the funded ratios for public pension plans by six percent (Munnell, Aubry and Cafarelli 2015) . We found similar and slightly larger effects in our as a result of updating its mortality table compared to the plan with a mature age distribution.
The mortality table affects pension costs and liabilities in three ways. First, before retirement, the mortality table is used to predict the probability that workers will "survive" to the normal retirement age. If employees fail to accumulate sufficient service years to qualify for retirement benefits, their benefits will be eliminated or reduced. Second, updating the mortality rate increases the assumed life expectancy. With longer life expectancies, benefit annuities are paid over longer time periods, so projected pension liabilities increase. The third reason is specific to the changes in individual mortality tables. When RP-2014 is compared with RP-2000, the mortality improvement rate (i.e., the difference in mortality rates from one mortality table to another within the same age group) across most the age groups is approximately 2 percent. However, the improvement is larger for age groups around 40 (a mortality improvement rate of 3 percent) and 65 (a mortality improvement rate of 3.3 percent). If a plan has more employees or retirees in the 40 and 65 age groups, the marginal effect from updating their mortality table will be larger.
Conclusion
The financial condition of public pensions is a key concern for many state and local governments. Policy debates are significantly affected by the valuation of pension liabilities and the budgetary burden of pensions' contribution requirements. In this paper, we use a simulation research design to examine how the selection of actuarial input values affects the size of pension liabilities (presented as funding ratios) and the contribution requirements (presented as annual required contribution as a share of payroll). The simulation demonstrates the following:
1. Discount rates, salary growth rates, cost methods, and mortality tables all influence funding ratios and contribution requirements. Without adjusting or considering these effects, comparisons of funding ratios across pension systems will produce biased results.
2. The discount rate assumption is the most influential actuarial input on both funding ratios and contribution requirements. We show that a plan can postpone required contributions by raising its discount rate assumption, but its funding condition deteriorates in the long run. In contrast, if a plan reduces its discount rate by 1 percentage point, and its investment returns continue at the level that was previously assumed, it will take approximately seven years for the funding ratio to return to its original level and an even longer time period for the ARC to return to its original level (though the exact length of time depends on investment returns and the baseline discount rate assumption).
3. The effects of actuarial inputs greatly depend on plan characteristics such as demographic profiles and asset levels, as well as interactions with other actuarial inputs.
Because of the interactive effects, it is difficult to standardize funding ratios or pension obligations by only controlling for a single actuarial input. With better data on plan characteristics (such as information on mortality tables and age distributions), simulations could be used to standardize pension liabilities. In the absence of this information, improved consistency in financial reporting (such as requiring a single cost method) is an effective way to facilitate better comparisons of financial conditions across pension plans.
The influence of actuarial inputs demonstrates that there are many ways to influence the reported condition of public pension systems without actually changing the fundamental financial health of the plan. Many actuarial input changes do not receive significant outside review. Governments and citizen groups may benefit from independent reviews of the actuarial inputs used to value their pension liabilities in order to ensure that trustees are selecting actuarial inputs that do not put future taxpayers at risk.
There are several limitations in this study that warrant further research. For one, this study uses a variety of simplifications. For example, the simulation is limited to four actuarial inputs, three asset levels, three demographic conditions, a single benefit plan, and beneficiaries are limited to employees. Furthermore, due to space constraints, we look at only a few interactive effects. Future research should expand an examination into interactive effects, economic and demographic conditions, benefits provisions, and additional actuarial inputs.
Another limitation is that simulation is based on median conditions. This means that the simulated plan may reflect a typical plan but not provide sufficient insight into specific pension systems. Further work to model actual pension systems will help researchers understand the political incentives and constraints facing actual governments and pension managers.
Finally, this paper has treated funding ratios and contribution requirements as equivalent measures. Much of the popular discussion on the financial health of pension systems focuses on the funding ratio (or a similar stock measure). However, while funding ratios and contribution requirements are associated, they are not the same. Whether pension systems are 72 percent or 79 percent funded, for example, is unlikely to influence the political environment or the opinions of capital market participants. However, a small increase in the contribution rate can create significant budgetary pressure or further strain governments in fiscal distress. Further research is needed to understand how public officials and stakeholders view the relative importance of funding ratios and contribution requirements. The long-term average rate of return is 8% 
